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1. INTRODUCTION {#brb31187-sec-0005}
===============

Cerebral hemorrhage is a type of bleeding in the brain that occurs in tissues and ventricles (Hemphill et al., [2015](#brb31187-bib-0009){ref-type="ref"}). Vomiting, neck stiffness, reduced consciousness, fever, and seizures are significant symptoms (Caceres & Goldstein, [2012](#brb31187-bib-0002){ref-type="ref"}). Brain tumors, trauma, arteriovenous malformation, aneurysms, alcoholism, amyloidosis, increased blood pressure, blood thinners, and low levels of cholesterol are significant causes of cerebral hemorrhage (Caceres & Goldstein, [2012](#brb31187-bib-0002){ref-type="ref"}; Hemphill et al., [2015](#brb31187-bib-0009){ref-type="ref"}). Brain injury occurs within 3 days of cerebral hemorrhage and accounts for more than 50% of related deaths due to neuronal apoptosis, reduced cerebral blood flow and O~2~, increased intracranial pressure, oxidative stress, inflammation, and brain edema (Connolly et al., [2012](#brb31187-bib-0004){ref-type="ref"}; Fujii et al., [2013](#brb31187-bib-0007){ref-type="ref"}).

The available treatments for cerebral hemorrhage include reducing blood pressure to the systolic range, normalizing blood glucose, reversing blood thinners, conducting surgery to remove the blood (Hemphill et al., [2015](#brb31187-bib-0009){ref-type="ref"}), and especially inhibiting apoptosis and suppressing inflammation. Neuronal dysfunction and inflammation are significant pathological aspects of cerebral hemorrhage (Guo et al., [2016](#brb31187-bib-0008){ref-type="ref"}; Yin, Huang, Sun, Guo, & Zhang, [2017](#brb31187-bib-0024){ref-type="ref"}). The levels of interleukins (ILs) and tumor necrosis factor (TNF)‐α increase in cerebral hemorrhage, leading to the activation microglia and the infiltration of inflammatory cells (Chang, Wu, Lin, & Kwan, [2015](#brb31187-bib-0003){ref-type="ref"}; Niwa et al., [2016](#brb31187-bib-0014){ref-type="ref"}; Wu et al., [2016](#brb31187-bib-0021){ref-type="ref"}). Stoecklin and Anderson ([2006](#brb31187-bib-0019){ref-type="ref"}) reported increased levels of cytokines in response to increased levels of proteins due to inflammation. Tristetraprolin (TTP) is an RNA‐binding protein encoded by *Zfp36* gene, and a CCCH tandem zinc finger protein member is involved in the posttranscriptional regulation of inflammatory responses. TTP has been reported for its protective role in several diseases such as glioma. Protein phosphatase (PP) 2A is pleiotropic enzymes and involves in dephosphorylation. We hypothesized that the dephosphorylation of TTP by PP2A could decrease the apoptosis and neuroinflammation. Therefore, in this study, we analyzed the effects of protein phosphatase 2A (PP2A)/tristetraprolin (TTP) on brain edema in a rat model of cerebral hemorrhage.

2. MATERIALS AND METHODS {#brb31187-sec-0006}
========================

2.1. Rats {#brb31187-sec-0007}
---------

Male albino rats were purchased from the animal house of Heilongjiang Provincial Hospital, Harbin, Heilongjiang, China. Their body weights (190--210 g) were recorded, and they were divided into four homogeneous groups. A 12‐hr light/dark cycle was maintained throughout the experimental period. Each homogenous group included six rats, and all were provided with water and food. All the animal experiments were approved by the ethics committee of Heilongjiang Provincial Hospital, Harbin, Heilongjiang, China.

2.2. Induction of cerebral hemorrhage {#brb31187-sec-0008}
-------------------------------------

The rats were anesthetized with 10% chloral hydrate via intraperitoneal administration. Body weight and rectal temperature were maintained. The animals were shaved, and the external carotid artery was identified and transected. A sharp monofilament nylon suture was advanced rostrally. The internal carotid artery and external carotid stump were reperfused to induce cerebral hemorrhage. The incision was closed, and the rats were allowed to recover; medication was given for pain relief (Xie et al., [2017](#brb31187-bib-0022){ref-type="ref"}).

2.3. Treatment {#brb31187-sec-0009}
--------------

After inducing cerebral hemorrhage, the rats were assigned to four groups: sham control (group I), control (II), PP22A siRNA (III), and scrambled siRNA (IV). Controls were given the same volume of normal saline. All laboratory experiments were monitored and approved by the ethics committee of Heilongjiang Provincial Hospital.

2.4. Preparation tissue homogenate {#brb31187-sec-0010}
----------------------------------

The rat was sacrificed following anesthetized with intramuscular injection of anesthesia ketamine hydrochloride (100 mg/kg body weight) + Xylazine (10 mg/kg body weight). Brain tissues were surgically removed, and cortex region was dissected and homogenized with a buffer (10 mM Tris‐HCl, 1 mM K‐EDTA, 0.25 mM sucrose). The brain homogenate was centrifuged for 5 min at 10,000 × *g*.

2.5. Determination of infarct size {#brb31187-sec-0011}
----------------------------------

The neurological deficit score was determined based on staining in the brain region (Schaar, Brenneman, & Savitz, [2010](#brb31187-bib-0017){ref-type="ref"}). After intramuscular injection of ketamine hydrochloride plus xylazine, the rats were anesthetized and then sacrificed by decapitation. Brain tissue was removed surgically and frozen at −20°C for 30 min. Then, frozen brain tissue was sliced into 2‐mm‐thick sections and stained with 2% 2,3,5‐triphenyltetrazolium chloride (TTC) for 60 min at 37°C without exposure to light. Finally, sections were fixed with 10% paraformaldehyde for 10 hr at 37°C.

2.6. RT‐PCR {#brb31187-sec-0012}
-----------

Total RNA from tissue homogenate from the rats was extracted and converted into cDNA using oligo (dt) primers. Quantitative polymerase chain reaction (qPCR) was used to quantify caspase‐3 mRNA expression using specific primers (forward: 5′‐TTAATAAAGGTATCCATGGAGAACACT‐3′, reverse: 5′‐TTAGTGATAAAAATAGAGTTCTTTTGTGAG‐3′). GAPDH (forward: 5′‐GGTCACCAGGGCTGCTTTT‐3′, reverse: 5′‐ATCTCGCTCCTGGAAGATGGT‐3′) was used as an internal control to quantify caspase‐3 expression (Table [1](#brb31187-tbl-0001){ref-type="table"}). The level of mRNA expression was calculated as described previously (Masatoshi et al., [2001](#brb31187-bib-0013){ref-type="ref"}).

###### 

List of primers and antibodies used in this study

  --------------------- ------------------------------------------------
  Caspase‐3 (forward)   5′‐TTAATAAAGGTATCCATGGAGAACACT−3′,
  Caspase‐3 (reverse)   5′‐TTAGTGATAAAAATAGAGTTCTTTTGTGAG‐3′
  GAPDH (forward)       5′‐GGTCACCAGGGCTGCTTTT‐3′
  GAPDH (reverse)       5′‐ATCTCGCTCCTGGAAGATGGT‐3′
  TTP                   Anti‐Tristetraprolin antibody (ab83579), Abcam
  PP2A                  Anti‐PP2A B subunit antibody (ab16448), Abcam
  --------------------- ------------------------------------------------

John Wiley & Sons, Ltd

2.7. TUNEL assay {#brb31187-sec-0013}
----------------

Cell viability and death were measured using a terminal deoxynucleotidyl transferase dUTP nick end labeling (TUNEL) assay kit (In Situ Cell Death Detection Kit, Abcam, UK). Tissue sections were processed according to the manufacturer\'s protocol (Fayzullina & Martin, [2014](#brb31187-bib-0006){ref-type="ref"}), and images were taken using a confocal fluorescence microscope (Olympus, Japan).

2.8. Immunohistochemistry {#brb31187-sec-0014}
-------------------------

Brain tissue from rats was cut into sections using a microtome and stored at 4°C for further use. Hydrogen peroxide was used to remove endogenous peroxidase activity from brain sections, and then, sections were incubated with bovine serum albumin (BSA) for 30 min to remove nonspecific protein binding sites. Then, sections were treated with caspase‐3 antibody (ab13847; Abcam) for 12 hr. Sections were treated with HRP‐conjugated secondary antibody following repeated washing (Duraiyan, Govindarajan, Kaliyappan, & Palanisamy, [2012](#brb31187-bib-0005){ref-type="ref"}).

2.9. Western blot analyses {#brb31187-sec-0015}
--------------------------

The level of protein in brain tissue homogenate was estimated and was separated by SDS‐PAGE. Then proteins were transferred to polyvinylidene membranes and incubated with primary antibodies for TTP (ab83579; Abcam, Table [1](#brb31187-tbl-0001){ref-type="table"}) and PP2A (ab16448; Abcam, Table [1](#brb31187-tbl-0001){ref-type="table"}) for 12 hr. The membranes were incubated with HRP‐IgG (goat anti‐rabbit, A0545‐1ML; Sigma‐Aldrich) for 1 hr. TTP and PP2A were assessed by enhanced chemiluminescence (ECL; Zhuang, Ye, & Huang, [2017](#brb31187-bib-0026){ref-type="ref"}).

2.10. Determination of water content in the brain {#brb31187-sec-0016}
-------------------------------------------------

Determining the water content in the brain could be useful for evaluating the level of brain edema. Hence, the water content of the rats\' brains was measured according to Yan et al. ([2013](#brb31187-bib-0023){ref-type="ref"}). White and red matter of brain was desiccated at 100°C for 48 hr to get constant weight. The net weight of dried 2,3,5‐triphenyltetrazolium chloride‐stained brain was obtained through the determination of desiccated white and gray matter together. The brain water content was measured by using the following formula: (Wet weight‐dried weight)/wet weight × 100%.

2.11. Statistical analyses {#brb31187-sec-0017}
--------------------------

All experimental outcomes are presented as means and standard deviations. ANOVAs were used for comparisons. Results were considered statistically significant at *p \< *0.05.

2.12. Ethical approval {#brb31187-sec-0018}
----------------------

Animal experiments were approved by the ethical committee of Department Of neurosurgery, Heilongjiang Provincial Hospital, Harbin, Heilongjiang, 150036, China.

3. RESULTS {#brb31187-sec-0019}
==========

The neurological score decreased substantially to 8.2 in rats in which cerebral hemorrhage was induced (group II) and was further reduced to 7.4 and 7.7 in groups III and IV, respectively (*p* \< 0.05; Figure [1](#brb31187-fig-0001){ref-type="fig"}). The area of infarct increased substantially by 291 mm^3^ in group II, whereas it decreased significantly by 215 and 221.8 mm^3^ in groups III and IV, respectively (data not shown). Caspase‐3 mRNA expression in the brain was determined by RT‐PCR. Caspase‐3 expression increased by 90% in group II and by 26.9% in group III (both *p* \< 0.05; Figure [2](#brb31187-fig-0002){ref-type="fig"}).

![Neurological scores in the normal control (I), control (II), PP2A siRNA (III), and scrambled siRNA (IV) groups. \**p* \< 0.05 vs. group I; ^\#^ *p* \< 0.05 vs. groups I and II (*N* = 6)](BRB3-9-e01187-g001){#brb31187-fig-0001}

![Caspase‐3 mRNA expression by RT‐PCR in the normal control (I), control (II), PP2A siRNA (III), and scrambled siRNA (IV) groups. \**p* \< 0.05 vs. group I; ^\#^ *p* \< 0.05 vs. groups I and II (*N* = 6)](BRB3-9-e01187-g002){#brb31187-fig-0002}

A TUNEL assay was used to determine the rate of apoptosis. Apoptosis increased by 26.1% in rats in which cerebral hemorrhage was induced (group II) and increased significantly by 35.3% and 33.4% in groups III and IV, respectively (*p* \< 0.05; Figure [3](#brb31187-fig-0003){ref-type="fig"}). Caspase‐3 protein expression in the brain tissue was determined by immunohistochemistry. Caspase‐3 expression increased substantially in group II, increased further in group III, and increased significantly in group IV (*p* \< 0.05; Figure [4](#brb31187-fig-0004){ref-type="fig"}). PP2A and TTP protein expression increased significantly by 87% and 59%, as compared to their respective sham controls, respectively. However, PP2A and TTP siRNA treatment reduced the protein expression of PP2A and TTP in groups III and IV (*p* \< 0.05; Figure [5](#brb31187-fig-0005){ref-type="fig"}). The water content in the brain increased significantly by 77.4% in rats in which cerebral hemorrhage was induced (group II). The water content in the brain was further increased by 84.1% and 78.7% in groups III and IV, respectively (*p* \< 0.05; Figure [6](#brb31187-fig-0006){ref-type="fig"}).

![Apoptosis as determined by a TUNEL assay in the normal control (I), control (II), PP2A siRNA (III), and scrambled siRNA (IV) groups. \**p* \< 0.05 vs. group I; ^\#^ *p* \< 0.05 vs. groups I and II (*N* = 6)](BRB3-9-e01187-g003){#brb31187-fig-0003}

![Caspase‐3 protein as determined by immunohistochemistry in the normal control (I), control (II), PP2A siRNA (III), and scrambled siRNA (IV) groups. \**p* \< 0.05 vs. group I; ^\#^ *p* \< 0.05 vs. groups I and II (*N* = 6)](BRB3-9-e01187-g004){#brb31187-fig-0004}

![PP2A and TTP protein as determined by Western blotting analyses in the normal control (I), control (II), PP2A siRNA (III), and scrambled siRNA (IV) groups. \**p* \< 0.05 vs. group I; ^\#^ *p* \< 0.05 vs. groups I and II (*N* = 6)](BRB3-9-e01187-g005){#brb31187-fig-0005}

![Water content in the brain in the normal control (I), control (II), PP2A siRNA (III), and scrambled siRNA (IV) groups. \**p* \< 0.05 vs. group I; ^\#^ *p* \< 0.05 vs. groups I and II. Values are expressed as percentages (*N* = 6)](BRB3-9-e01187-g006){#brb31187-fig-0006}

4. DISCUSSION {#brb31187-sec-0020}
=============

We evaluated the protective effects of PP2A/TTP against brain edema in a rat model of cerebral hemorrhage. Cerebral hemorrhage often leads to death, particularly when the brainstem is affected (Sanders & McKenna, [2001](#brb31187-bib-0016){ref-type="ref"}). Xie et al. ([2017](#brb31187-bib-0022){ref-type="ref"}) reported that inflammatory and immune responses account for the majority of damage to brain tissue during cerebral hemorrhage. We have observed that silencing TTP and PP2A leads to increased brain edema and a reduction in neurological scores at 48 hr after cerebral hemorrhage. The knockdown of TTP and PP2A reduces the levels of inflammatory cytokines such as IL‐6, TNF‐α, and IL‐8, diminishing the beneficial effects of TTP (Yin et al., [2018](#brb31187-bib-0025){ref-type="ref"}).

Hemphill et al. ([2015](#brb31187-bib-0009){ref-type="ref"}) reported that the available treatments for cerebral hemorrhage include reducing blood pressure to the systolic range, normalizing blood glucose, reversing blood thinners, and performing surgery to remove the blood. Suppressing apoptosis and inflammation are the best‐known approaches for treating cerebral hemorrhage. Neuronal dysfunction and inflammation are significant pathological characteristics of cerebral hemorrhage (Guo et al., [2016](#brb31187-bib-0008){ref-type="ref"}; Yin et al., [2017](#brb31187-bib-0024){ref-type="ref"}). Levels of ILs and TNF‐α increase in cerebral hemorrhages, leading to the activation of microglia and infiltration of inflammatory cells (Chang et al., [2015](#brb31187-bib-0003){ref-type="ref"}; Niwa et al., [2016](#brb31187-bib-0014){ref-type="ref"}; Wu et al., [2016](#brb31187-bib-0021){ref-type="ref"}). Increased levels of cytokines have also been noted (Stoecklin & Anderson, [2006](#brb31187-bib-0019){ref-type="ref"}).

Brooks and Blackshear ([2013](#brb31187-bib-0001){ref-type="ref"}) suggested that TTP is a well‐known mRNA‐binding protein that provides key regulatory molecules for gene expression. Pandiri et al. ([2016](#brb31187-bib-0015){ref-type="ref"}) reported that TTP could play a vital role in tissue development, tumorigenesis, apoptosis, and morphogenesis. Suswam et al. ([2008](#brb31187-bib-0020){ref-type="ref"}) highlighted the protective role of TTP against apoptosis and inflammation. Joe et al. ([2015](#brb31187-bib-0010){ref-type="ref"}) suggested that TTP is effective at inducing inflammatory cytokines such as ILs and TNF‐α. PP2A may induce anti‐apoptotic and anti‐inflammatory activity in TTP, as it negatively regulates apoptosis, inflammation, and cell growth to protect against damage due to stroke, neurodegeneration, and cardiovascular disease (Lubbers & Mohler, [2016](#brb31187-bib-0011){ref-type="ref"}; Seshacharyulu, Pandey, Datta, & Batra, [2013](#brb31187-bib-0018){ref-type="ref"}). Mahtani et al. ([2001](#brb31187-bib-0012){ref-type="ref"}) reported the anti‐inflammatory effects of PP2A in rheumatoid arthritis. Our experimental results are consistent with previous findings showing that silencing PP2A and TTP leads to a reduction in anti‐apoptotic and anti‐inflammatory effects.

5. CONCLUSION {#brb31187-sec-0021}
=============

Tristetraprolin has strong protective effects against brain edema by reducing inflammation, apoptosis, and the water content in the brain at 48 hr after cerebral hemorrhage in rats. Our experimental findings may be useful for developing important approaches to treating brain injury.
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